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7KHHIILFLHQF\RIGLIIHUHQWKHDWLQJ V\VWHPVZDVGHVFULEHGE\6LHPLRĔF]\NDQG.UDZF]\N >@&KROHZDHW DO
> @ VKRZHG WKDW LWZDV SRVVLEOH WR DFKLHYH LQFUHDVH LQ HIILFLHQF\ZKHQ WKH V\VWHP SURGXFHG KRWZDWHU RQO\
YHUVXV WKH V\VWHP RSHUDWLQJ GXULQJ WKH KHDWLQJ VHDVRQ RQO\ %LOHZLF] HW DO >@ LQYHVWLJDWHG HOHFWULFLW\ XVDJH
SDWWHUQV DPRQJ FRQVXPHUV LQ 3RODQG DQG &]HFK 5HSXEOLF WR QRWH WKH GLIIHUHQFHV DQG VLPLODULWLHV LQ EHKDYLRXU
PRGHOVDQGVKRZLVVXHVUHODWHGWRHQHUJ\HIILFLHQF\

1RPHQFODWXUH
%WRWDOGHPDQGIRUIXHO>P@
+WUDGMRYHUDOOKHDWWUDQVIHUFRHIILFLHQWE\WUDQVPLVVLRQ>:.@
+YHDGMRYHUDOOKHDWWUDQVIHUFRHIILFLHQWE\YHQWLODWLRQ>:.@
.WRWDODQQXDOFRVWRIIXHO>¼@
PPRQWKQXPEHU>@
4+QG HQHUJ\QHHGIRUKHDWLQJ>N:K\HDU@
4+N ILQDOHQHUJ\QHHGIRUKHDWLQJ>N:K\HDU@
4+KWWRWDOKHDWWUDQVIHUIRUKHDWLQJPRGH>N:KPRQWK@
4+JQWRWDOKHDWJDLQVIRUWKHKHDWLQJPRGH>N:KPRQWK@
4WUWRWDOKHDWWUDQVIHUE\WUDQVPLVVLRQ>N:KPRQWK@
4YHWRWDOKHDWWUDQVIHUE\YHQWLODWLRQ>N:KPRQWK@
șLQWVHWSRLQWWHPSHUDWXUHRIWKHEXLOGLQJ]RQH>R&@
șHWHPSHUDWXUHRIWKHH[WHUQDOHQYLURQPHQW>R&@
6]IL[HGIHH>¼PRQWK@
WWLPHSHULRG>0V@
8 KHDWWUDQVIHUFRHIILFLHQW>:P.@
=JYDULDEOHIHH>¼P@
Ș+D KHDWLQJV\VWHPHIILFLHQF\IRUKHDWDFFXPXODWLRQ>@
Ș+G KHDWLQJV\VWHPHIILFLHQF\IRUKHDWGLVWULEXWLRQ>@
Ș+H KHDWLQJV\VWHPHIILFLHQF\IRUKHDWUHJXODWLRQ>@
Ș+J KHDWLQJV\VWHPHIILFLHQF\IRUKHDWJHQHUDWLRQ>@
Ș+WRW WRWDOKHDWLQJV\VWHPHIILFLHQF\>@
Ș+JQGLPHQVLRQOHVVJDLQXWLOL]DWLRQIDFWRU>@

$OHNVLHZLF] DQG 5DMV >@ SUHVHQWHG DQ DQDO\VLV RI FRQGLWLRQV IRU WKH HIIHFWLYH SRZHU VRXUFH RI D UHVLGHQWLDO
EXLOGLQJLQKHDWGHPRQVWUDWHGHQHUJ\VDYLQJVLPSRUWDQFHRILQGHSHQGHQFHIURPH[WHUQDOVXSSOLHUV7RSLFRIHQHUJ\
JHQHUDWLRQZDVDOVRGLVFXVVHGLQ>±@
,Q3RODQGDVLJQLILFDQWQXPEHURIVLQJOHIDPLO\KRXVHVXVHQDWXUDOJDVDVIXHOLQWKHKHDWLQJV\VWHP7KHIRUHFDVWV
SUHGLFW VLJQLILFDQW LQFUHDVH RI QDWXUDO JDV FRQVXPSWLRQ LQ 3RODQG GHVSLWH (8 HQHUJ\ SROLF\ WKDW SURPRWHV
WHFKQRORJLHVZKLFKDUHFKDUDFWHUL]HGE\ORZHQYLURQPHQWDOLPSDFWDQGKLJKHIILFLHQF\ZKHUHDVWKHQXPEHURIFRDO
ERLOHUVZRXOGEHUHGXFHG*URVVLQODQGFRQVXPSWLRQLVVRPHFRXQWULHVLVVKRZQLQ7DEOH>@ZKHUHDVSULFHVDUH
UHIOHFWHGLQ7DEOH
 
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7DEOH*URZWKUDWHRIQDWXUDOJDVJURVVLQODQGFRQVXPSWLRQ±>±@
&RXQWU\ %HOJLXP &]HFK5HSXEOLF *HUPDQ\ (VWRQLD 6SDLQ )UDQFH /DWYLD /LWKXDQLD 1HWKHUODQGV3RODQG
*UHDW
%ULWDLQ
*URZWK
UDWH           

7DEOH1DWXUDOJDVSULFHVIRUKRXVHKROGVLQ>±@
&RXQWU\ *DVSULFHV *DVSULFHV *DVSULFHV *DVSULFHV
 >¼N:K@ >¼N:K@ >¼N:K@ >¼*-@
$XVWULD    
%HOJLXP    
&URDWLD    
&]HFK5HSXEOLF    
*HUPDQ\    
+XQJDU\    
(VWRQLD    
,WDO\    
6SDLQ    
)UDQFH    
/DWYLD    
/LWKXDQLD    
1HWKHUODQGV    
3RODQG    
*UHDW%ULWDLQ    

7KHDLPRIWKLVSDSHULVWRVKRZHQHUJ\DQGIXHOFRQVXPSWLRQIRUKHDWLQJ,W LVDFDVHVWXG\RIDVLQJOHIDPLO\
KRXVHORFDWHGLQ3RODQG,PSURYHPHQWVRIWKHHQYHORSHDQGLQVWDOODWLRQVZHUHSURSRVHGWRPHHWDFWXDO3ROLVKODZ
ZKLFKHVWDEOLVKHGWKHPD[LPXPYDOXHRI(3IDFWRUDWN:KP\HDUIRUWKLVW\SHRIEXLOGLQJ7KHUHGXFWLRQRI
QDWXUDOJDVFRQVXPSWLRQGXHWRFKDQJHVZDVHVWLPDWHG
'HVFULSWLRQRIWKHEXLOGLQJDQGPHWKRGRORJ\
2.1. Methodology of energy consumption calculations 
7KH DQQXDO HQHUJ\ FRQVXPSWLRQZDV FDOFXODWHG DFFRUGLQJ WR WKH ,QWHUQDWLRQDO 6WDQGDUG JLYHQ LQ 31(1 ,62
>@DQGLQ WKH5HJXODWLRQRIWKH0LQLVWHURI,QIUDVWUXFWXUHRI3RODQG>@7KHWRWDOHQHUJ\QHHGIRU
KHDWLQJ4+QGLVFDOFXODWHGDVJLYHQE\(TXDWLRQ


@> monthkWhQQQ gnHgnHhtHndH  K  

7RWDOKHDWWUDQVIHUIRUKHDWLQJPRGHLVHVWLPDWHGRQWKHEDVLVRIWZRGDWDWRWDOKHDWWUDQVIHUE\WUDQVPLVVLRQ4WU
DQGYHQWLODWLRQ4YH

@> LQW monthkWhtHQ eadjveve TT   

@> LQW monthkWhtHQ eadjtrtr TT   

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0RUHRYHUWRWDOKHDWJDLQV4+JQDUHFDOFXODWHGDVDVXPRILQWHUQDOKHDWJDLQVDQGVRODUKHDWJDLQV
7KH FDOFXODWLRQV ZHUH PDGH XVLQJ WKH PRQWKO\ PHWKRG ,QGRRU WHPSHUDWXUH ZDV HVWDEOLVKHG DV
șLQW & LQ URRPV DQG șLQW   & LQ EDWKURRPV 7KH GLPHQVLRQOHVV JDLQ XWLOL]DWLRQ IDFWRU Ș+JQZDV
HVWLPDWHGVHSDUDWHO\IRUHDFKPRQWK
7KHHQHUJ\QHHGIRUKHDWLQJ4+QGLQN:K\HDUZDVHVWLPDWHGXVLQJWKHFRPSXWHUSURJUDP$XG\WRU2=&
3UR(GX7KHQWKHWRWDO+9$&V\VWHPHIILFLHQF\ZDVWDNHQLQWRDFFRXQWDFFRUGLQJWRIRUPXOD

@>  yearkWhQQ totHndHkH K¦  

     > @H tot H g H d H e H sK K K K K     

7KHYDOXHVRIKHDWLQJV\VWHPHIILFLHQF\ZDVWDNHQIURPWKH0LQLVWHURI,QIUDVWUXFWXUH5HJXODWLRQRI3RODQG>@
IRUDFWXDOFRQGLWLRQVDQDWXUDOJDVERLOHUZLWKWKHDWPRVSKHULFEXUQHUSDQHOUDGLDWRUVORFDWHGXQGHUZLQGRZVZLWK
WKHUPRVWDWLFYDOYHVFHQWUDODQGORFDOUHJXODWLRQSLSHVZLWKJRRGLQVXODWLRQORFDWHGLQKHDWHGURRPVDQGXQKHDWHG
EDVHPHQW +RW ZDWHU ZDV SUHSDUHG LQ WKH VDPH JDV ERLOHU DQG DFFXPXODWHG LQ D KRW ZDWHU WDQN 7KHUH ZDV QR
FLUFXODWLRQLQWKHKRWZDWHUV\VWHPLQWKHKRXVHEHFDXVHLWLVQRWFRPPRQLQVPDOOKRXVHV
2.2. Description of the investigated house 
7KHDQDO\VLVZDVFRQGXFWHGRQDVLQJOHIDPLO\GHWDFKHGKRXVHEXLOW LQZKLFKZDVUHQRYDWHGLQ,WV
DUHDLVDERXWP,WKDVWZRKHDWHGIORRUVDQGDEDVHPHQWXQGHUKDOIRIWKHEXLOGLQJ7KHEXLOGLQJLVORFDWHGLQ
%LDá\VWRN¶1RUWKODWLWXGHDQG¶(DVWORQJLWXGH3RODQGZKHUHDGHVLJQRXWGRRUWHPSHUDWXUHLQKHDWLQJ
VHDVRQVLVVHWDW&DQGWKHDYHUDJHRXWGRRUWHPSHUDWXUH&
7KHKRXVH¶VZDOOVZHUHPDGHRIEULFNDQG±PRIIRDPHGSRO\VW\UHQH7KHLQVXODWLRQRIWKHURRIZDV
P RIPLQHUDO ZRRO 'XULQJ WKHUPDOPRGHUQL]DWLRQ W\SH DQG VL]H RI LQVXODWLRQZHUH FKRVHQ WR DFKLHYH8YDOXHV
ZKLFKPHHW3ROLVKQDWLRQDOUXOHV>@IURP7KHPD[LPXPYDOXHVFKDQJHGLQ7DEOH,QIDFWWKHKHDW
WUDQVIHUFRHIILFLHQWIRUWKHURRILVVWLOOORZHUWKDQUHFRPPHQGHGZKLOHIRUH[WHUQDOZDOOVLWLVVRPHZKDWKLJKHUWKDQ
WKHFXUUHQWFRHIILFLHQW
7DEOH+HDWWUDQVIHUFRHIILFLHQWV>@
%DUULHU 8LQKRXVH>:P.@ 0D[LPXP8DFFRUGLQJWR3ROLVKODZIURP
0D[LPXP8DFFRUGLQJWR3ROLVK
ODZIURP
([WHUQDOZDOO   
5RRI   
:LQGRZV   
5HVXOWVRIHQHUJ\DQGFRQVXPSWLRQFDOFXODWLRQYHUVXVDFWXDOJDVXVDJH
7KHHQHUJ\FRQVXPSWLRQZDVHVWLPDWHGDFFRUGLQJ WR31(1DQG WKH WRWDOYDOXHZDVN:K\HDU
7DEOHVKRZVWKHSHUFHQWDJHVKDUHRIGLIIHUHQWSDUWVRIWKHRUHWLFDOHQHUJ\FRQVXPSWLRQ
7DEOH7KHRUHWLFDOHQHUJ\FRQVXPSWLRQIRUKHDWLQJ
(QHUJ\ORVV 6KDUH
7UDQVPLVVLRQE\H[WHUQDOZDOOV 
7UDQVPLVVLRQE\URRI 
7UDQVPLVVLRQE\ZLQGRZVDQGGRRUV 
7UDQVPLVVLRQE\IORRURQJURXQG 
9HQWLODWLRQ 

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$IWHU WDNLQJ LQWR DFFRXQW WKH HIILFLHQF\RI D ERLOHU DQG WKH KHDWLQJ V\VWHP WKH ILQDO HQHUJ\ FRQVXPSWLRQZDV
HVWLPDWHG IRUN:KP\HDUZKLOHSULPDU\HQHUJ\FRQVXPSWLRQ IDFWRU(3 N:KP\HDU$FFRUGLQJ WR
3ROLVKODZ(3IDFWRUIRUVLQJOHIDPLO\EXLOGLQJVVKRXOGEHORZHUWKDQN:KP\HDU
7KHDQDO\VLVZDVFDUULHGRXWIRUWKUHH\HDUV,QWKHFRXUVHRIWKHWHVWWKHRXWVLGHDLUWHPSHUDWXUHIRULQGLYLGXDO
PRQWKVGLIIHUHGVLJQLILFDQWO\)LJEXWWDNLQJLQWRDFFRXQWDORQJSHULRGLWZDVSRVVLEOHWRJHWUHOLDEOHUHVXOWV


)LJ2XWGRRUWHPSHUDWXUHGXULQJPHDVXUHPHQWV
7KHXVDJHRIWKHKRXVHKHDWLQJGHYLFHVDQGWKHHQWLUHV\VWHPGLGQRWFKDQJHDQGGXULQJWKHUHVHDUFKQRUHSDLUVRU
FKDQJHVLQHTXLSPHQWZHUHPDGH7KHJDVERLOHUZDVHTXLSSHGZLWKDWHPSHUDWXUHFRQWUROOHU
$WQLJKWWKHWHPSHUDWXUHFRQWUROOHUZDVSURJUDPPHGWRVDYHHQHUJ\DWQLJKWDQGLQFDVHRIRFFXSDQWV¶DEVHQFH
WKHWHPSHUDWXUHZDVORZHUE\GHJUHHV5HVXOWVRIPHDVXUHPHQWDUHSUHVHQWHGLQ7DEOH7KHSULFHRIQDWXUDOJDV
LQFOXGHGDVXEVFULSWLRQWRSXUFKDVHJDVIRUKHDWLQJSXUSRVHVDQGWKHJURVVSULFHLQDFFRUGDQFHZLWKWKHDSSOLFDEOH
WDULIIVIRUJDVHRXVIXHOV

x 9DULDEOHIHH¼PLQFOXGLQJSULFHIRUJDVIXHO¼PDQGQHWZRUNYDULDEOHUDWH¼P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x )L[HGIHH¼PRQWKLQFOXGLQJVHUYLFHIHH¼PRQWKDQGQHWZRUNIHH¼PRQWK
7KHWRWDODQQXDOFRVWRIIXHOIRUWKHEXLOGLQJLVFDOFXODWHGRQWKHEDVLVRIIRUPXOD

g zK B Z m S     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7DEOH1DWXUDOJDVFRQVXPSWLRQDQGDQQXDOO\FRVWV
0RQWK <HDU, <HDU,, <HDU,,,
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      
      
      
<HDU      
$QDO\VLV
7KHGDWDJLYHQLQ7DEOHVKRZHGZKDWWKHJDVFRQVXPSWLRQSHU\HDUIRUDOOSXUSRVHVLQWKHWHVWHGKRXVHZDVLQ
WKHUDQJHIURPWRPZLWKDQDYHUDJHYDOXHRIPRIJDVP\HDU7KHDQDO\VLVRIJDVFRQVXPSWLRQ
LQPRQWKVZKHQ WKH KHDWLQJ V\VWHPZDV QRW RSHUDWLQJ VKRZV WKDW DERXW ±P RI JDV DUH XVHG IRU KRWZDWHU
SUHSDUDWLRQDQGFRRNLQJHDFKPRQWKVRQHDUO\SHU\HDU DERXWRI WRWDOQDWXUDOJDVFRQVXPSWLRQ LQ WKH
KRXVHKROG7KHUHIRUHDYHUDJHJDVFRQVXPSWLRQIRUKHDWLQJZDVPP\HDU
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7KHPRVWVLJQLILFDQWIDFWRUVFRQWULEXWLQJWRJDVFRQVXPSWLRQDUHWKHEXLOGLQJW\SHWKHQXPEHURIH[WHUQDOZDOOV
H[WHUQDOZDOOVDQGURRILQVXODWLRQDQG8YDOXHVDYHUDJHLQGRRUWHPSHUDWXUHDQGLQKDELWDQWV¶KDELWVOLNHIRULQVWDQFH
WKHIUHTXHQF\RIFRRNLQJDQGZDWHUKHDWLQJOHQJWKRIURRPYHQWLODWLRQOHQJWKRIKROLGD\WLPHVSHQWDZD\IURPWKH
KRXVH7KH DYHUDJH FRVW RI JDV XVHG LQ D KRXVHKROGZDV DERXW ¼PRI JDV&KDQJHV RI JDV SULFHV FRXOG EH
REVHUYHGIRUH[DPSOHLQ0D\ZKHQHVWLPDWHGFRVWZDVIURP¼LQILUVW\HDURIPHDVXUHPHQWVWR¼LQWKHWKLUG
ZKLOHWKHJDVFRQVXPSWLRQZDVFRQVWDQWPLQDOOFDVHV'XULQJWKHWHVWSHULRGWKHKLJKHVWJDVFRVWSHUPLQ
VXPPHU ZDV REVHUYHG DOWKRXJK JDV FRQVXPSWLRQ ZDV ORZ ZKLFK ZDV FRQQHFWHG ZLWK WKH IDFW WKDW IL[HG FRVWV
GHWHUPLQHDWRWDOSULFHRIJDV
7KHDQDO\VLVRIKHDWWUDQVIHUFRHIILFLHQWV7DEOHVKRZVWKDWWKHKRXVHUHQRYDWHGLQDFFRUGLQJWR3ROLVK
ODZIURPGRHVQRWPHHWVWDQGDUGV LQ$OVR(.DQG(3IDFWRUVDUHKLJKHU WKDQUHFRPPHQGHG LQDFWXDO
ODZ7KHUHIRUH LW LVSRVVLEOHWRPDNHVRPHLPSURYHPHQWV LQ WKHKRXVHGXHWR WKHWHFKQLFDOFRQGLWLRQVFRQVLGHUHG
UHSODFHPHQW RI ZLQGRZV W\SLFDO QHZ ZLQGRZV ZLWK 8 :P. UHSODFHPHQW RI ERLOHU QHZ RQH ZLWK KLJK
HIILFLHQF\
,Q WKLV FDVH ILQDO HQHUJ\ FRQVXPSWLRQ IDFWRU (. ZDV FDOFXODWHG DV  N:KP\HDU ZKLOH SULPDU\ HQHUJ\
FRQVXPSWLRQ IDFWRU (3 DPRXQWHG  N:KP\HDU VR VOLJKWO\ KLJKHU WKDQ UHFRPPHQGHG 7R PHHW WKH DFWXDO
UHTXLUHPHQWV RI 3ROLVK ODZ LW ZRXOG EH QHFHVVDU\ WR LQVWDOO ZLQGRZV ZLWK 8YDOXH  :P. 7KH JDV
FRQVXPSWLRQZRXOGEHUHGXFHGE\±
7KHRWKHUSRVVLELOLW\WRUHGXFH(3YDOXHLVSURYLGLQJDUHQHZDEOHVRXUFHRIHQHUJ\LQWKHKRWZDWHUV\VWHP7KH
HDVLHVWIURPDWHFKQLFDOSRLQWRIYLHZLVXVLQJSDQHOVRODUFROOHFWRUVWRSUHSDUHKRWZDWHULQDELYDOHQWV\VWHPZLWKD
JDVERLOHU,QDFOLPDWHOLNHLQ3RODQGLWLVQRWUHFRPPHQGHGWRXVHVRODUFROOHFWRUVDVWKHRQO\HQHUJ\VRXUFHEXWLW
EHFRPHVPRUHDQGPRUHSRSXODUWRXVHWKHPWRJHWKHUZLWKDFRQYHQWLRQDOERLOHU2IFRXUVHLQWKLVFDVHWRWDOKHDW
ORDGDQGILQDOHQHUJ\FRQVXPSWLRQIRUKHDWLQJZLOOQRWEHFKDQJHG
&RQFOXVLRQ
7KHSDSHUVKRZVWKHRUHWLFDOKHDWHQHUJ\FRQVXPSWLRQDQGDFWXDOIXHOXVDJHLQWKHVLQJOHIDPLO\KRXVHORFDWHGLQ
QRUWK3RODQG7KHDYHUDJHDQQXDOFRVWRIQDWXUDOJDVXVHGIRUKHDWLQJKRWZDWHUSUHSDUDWLRQDQGFRRNLQJZDV¼
ZKLOHJDVFRQVXPSWLRQP7KHIDFWRURIJDVFRVWIRUDVTXDUHPHWHUZDVDERXW¼P
0RVW KRXVHV EXLOW RU UHQRYDWHG LQ 3RODQG D IHZ\HDUV DJR KDYH KHDW WUDQVIHU FRHIILFLHQWV VOLJKWO\ KLJKHU WKDQ LV
UHFRPPHQGHGQRZDGD\VVRDOVRILQDOHQHUJ\FRQVXPSWLRQIDFWRU(.DQGSULPDU\HQHUJ\FRQVXPSWLRQIDFWRU(3FRXOG
EHDERYHPD[LPXPYDOXHV7RDGMXVWWKHEXLOGLQJV¶HQHUJ\FKDUDFWHULVWLFWRWKHUHTXLUHPHQWVRIDFWXDOODZLWZRXOGEH
QHFHVVDU\WRGHFUHDVHKHDWWUDQVIHUFRHIILFLHQWVRIH[WHUQDOEDUULHUVZLQGRZVUHSODFHPHQWH[WHUQDOZDOOVLQVXODWLRQ
LPSURYH+9$&V\VWHPIRU LQVWDQFH LQVWDOODWLRQRI WKHUPRVWDWLFYDOYHVDXWRPDWLFFRQWURO LI LWGRHVQRWH[LVW LQ WKH
V\VWHPRULPSOHPHQWUHQHZDEOHHQHUJ\VRXUFHVOLNHKHDWSXPSVELRPDVVERLOHUVVRODUFROOHFWRUVRU39FHOOV
1RQHWKHOHVVWKHVDYLQJRIIXHODQGHFRORJLFDOHIIHFWFRXOGEHUHODWLYHO\ORZOLNHLQWKHDQDO\]HGKRXVHDERXW
±FRPSDUHGZLWKHIIHFWVRIWKHPRGHUQL]DWLRQRIROGEXLOGLQJVZLWKYHU\SRRULQVXODWLRQDQG+9$&V\VWHP
HIILFLHQF\ $FFRUGLQJ WR >@ LQVXODWLRQ RI H[WHUQDO ZDOOV LQ ROG EXLOGLQJV LQ 3RODQG FRXOG UHGXFH WKH HQHUJ\
FRQVXPSWLRQRQDYHUDJHIURPWR
$IWHU WRWDOPRGHUQL]DWLRQRIEXLOGLQJVHQYHORSHDQG+9$&V\VWHPV LW LVSRVVLEOH WRDFKLHYHHYHQD±
UHGXFWLRQRIIXHOFRQVXPSWLRQDQGRSHUDWLQJFRVWV
,W LV QHFHVVDU\ WR UHPHPEHU WKDW UHDO VDYLQJV GHSHQG DOVR RQPDQ\ IDFWRUV FRQQHFWHGZLWK XVDJH SDWWHUQ IRU
H[DPSOHLQGRRUWHPSHUDWXUHGXULQJWKHGD\DQGQLJKWUHDOKHDWWUDQVIHUFRHIILFLHQWYDOXHVZKLFKVRPHWLPHVGLIIHU
VLJQLILFDQWO\IURPWKHWKHRUHWLFDOVKRZHGLQKRXVHGHVLJQVRUFKDQJHVLQYDULDEOHDQGFRQVWDQWSDUWVRIWKHWDULIIVRI
DIXHOVXSSOLHU
$FNQRZOHGJHPHQWV
7KLVVFLHQWLILFSURMHFWZDV ILQDQFHGZLWKLQ WKH IUDPHZRUNRIVFLHQFHUHVHDUFK IXQGVDW%LDO\VWRN8QLYHUVLW\RI
7HFKQRORJ\6:%,,ĝ
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